Bulk particle fluxes and organic elemental compositions were compared among sediment traps treated with different poisons and preservatives. The traps (3:l open cylinders) were deployed for l-2 months at 30 and 60 m depths in a coastal marine environment. The tested treatments included mercuric chloride, mixed antibiotics, sodium azide, formalin, chloroform, and salt, along with untreated controls. Fluxes of bulk particulate material and weight percentages of organic carbon measured for differently treated traps deployed simultaneously at the same depth both varied by an average of IS% of the mean value. Great numbers of large ( > 850 urn) zooplankton swimmers were removed by sieving from bulk sediment trap samples treated with formalin and mercuric chloride, and to a lesser extent from those treated with azide and chloroform. The < 850 km "sediment" fractions of the formalin-and mercuric chloride-treated samples were characterized by slightly elevated %OC concentrations and lowered (C/N) ratios, apparently resulting from smaller swimmers that were not separated by sieving. Overall, problems involved with sample and treatment washout, and swimmer artifacts in poisoned traps affected measured fluxes and elemental compositions more than differences that could be clearly attributed to microbial degradation.
Introduction
Knowledge of the compositions and vertical fluxes of particulate material through the marine water column is key to identifying the origins, pathways and fates of the constituent substances and to establishing corresponding mass balance and kinetic constraints . Because the majority of particles in the open ocean are of biological origin, organic matter is an important carrier of selected elements and biochemicals as well as a source of detailed information on particle types, in situ reactions and nutritional potential.
Most data on the composition and vertical fluxes of sinking particulate material in the ocean have been obtained using samples collected by sediment traps. These studies indicate that the rain rate of bulk particles is roughly proportional to primary [51,3 production (Suess, 1980) and therefore can vary greatly among locations and at individual sites over time (Deuser, 1986) . Vertical fluxes of bulk particulate material, and especially of the organic components, attenuate rapidly with depth (Suess, 1980; Martin et al., 1987) . These decreases are attended by selective degradation of individual biochemicals and pronounced compositional changes .
The high temporal variability in the biological sources and production rates of particulate organic material in the ocean often necessitates extended collection periods to obtain representative average compositions and fluxes. Given the lability of organic materials to microbial degradation within sediment traps (Gardner et al., 1983) , treatments of the accumulating particles with various poisons, preservatives and antibiotics, hereafter referred to collectively as "treatments,"
are often necessary. Different treatments, however, have advantages and disadvantages with respect to effectiveness, retention in traps, and interference with planned analyses. In addition, poisons in open traps kill free-swimming animals. The resulting "swimmer" artifacts in organic composition and fluxes may overshadow changes resulting from microbial degradation. Selection of an appropriate treatment for a sediment trap study is thus crucial and must take into account both the biological and physical setting as well as the planned collection period and analyses (Knauer and Asper, 1989) .
Controlled laboratory experiments, which allow time series sampling and exclude washout and swimmer artifacts, are particularly useful for establishing the potential effectiveness of different treatments. In such a laboratory comparison Powell and Fischer (1982) found that formalin was more effective in reducing biological activity in simulated sediment traps than were azide and various combinations of antibiotics. Recently we compared the effectiveness of various treatments for sediment trap collections in both laboratory and field experiments (Lee et al., 1992) . We tested the eight different treatments in Table 1 and found in laboratory studies that 50% saturated chloroform, 3.7 mM formaldehyde or 180 uM HgClz essentially stopped bacterial activity in simulated sediment trap material.
Field-based studies of the usefulness of different treatments for preservation of organic matter in sediment traps include both planned comparisons and singular observations. Gardner et al. (1983) observed a daily loss of 0.1-l% organic carbon in untreated sediment traps in the deep ocean and recommended the use of microbial inhibitors for long deployments. Knauer et al. (1984) compared solutions of sodium azide (25 mM), buffered formalin (lo-120 mM) and HgCl* (0.25 mM) in sediment traps deployed at depths of 100-300 m in both coastal and oligotrophic waters. All three treatments effectively limited bacterial activity upon trap recovery. Little evidence was obtained for dramatic differences in elemental compositions or measured fluxes between treatments. Although relatively clear-cut evidence for bacterial activity in traps has been obtained from observed increases in muramic acid and other microbial biomarkers (e.g. Lee et al., 1983) , compositional differences among other biochemical classes in treated versus untreated traps has been minor (Hedges et al., 1988a) , or difficult to differentiate from swimmer effects (e.g. Lee and Cronin, 1984; Lee et al., 1987) . Not many biochemical classes have been investigated and many previous studies are inconclusive because the final effective treatment concentrations were not determined. Thus, although the effectiveness of poisons such as formalin and mercuric chloride are now well established for halting microbial activity in sediment trap collections, the comparative usefulness of these and other treatments in actual field applications are not nearly as clear. This is especially true for molecular-level analyses of biochemicals and their degradation products. 655 In order to provide more information on the usefulness of different commonly applied treatments for sediment trap samples to be analyzed for biochemical components, we carried out a series of field experiments in which eight different treatments were directly compared in simultaneously deployed sediment traps under conditions where their final concentration and effectiveness could be established. Traps were deployed in Dabob Bay, a coastal marine environment where extensive sediment trap studies provide a useful background of information on expected particle fluxes and compositions (Hedges et al., 1988a,b) . Deployments were made at different depths and seasons to obtain organic materials of varying sources and compositions. The concentrations of the treatment solutions were determined upon recovery. The present paper describes in detail the field experiments and the measured fluxes of bulk material, organic carbon and nitrogen. The compositions and fluxes of individual amino acids, carbohydrates, pigments, lignins and different lipids in these samples have also been determined as they relate both to natural processes and different poison treatments . We recently published results on the retention and effectiveness of these same eight treatments (Lee et al., 1992) .
2. Experimental a. Site description. Dabob Bay, Washington (Fig. l) , is an arm of western Puget Sound (maximal depth 195 m) that is separated from northern Hood Canal by a 120 m deep sill. The bay is removed from direct river influence (Ebbesmeyer et al., 1988) and typically has gentle horizontal advection ( < 4 cm s-l) below the thermocline (Kollmeyer, 1965) . Its middle and deep waters remain oxic year-round (Ebbesmeyer et al., 1988) with temperatures in the range of 8-11°C (Kollmeyer, 1965) . The embayment is similar to the local open coastal ocean with respect to plankton composition, the timing and duration of blooms, and the domination of the vertical flux of particulate materials by zooplankton fecal pellets (Winter et al., 1975; Shuman, 1978; Bennett, 1980) . Many of the above physical and biological conditions make Dabob Bay a favorable site for sediment trap studies (Hedges et al., 1988a,b) . The station at 110 m depth in northern Dabob Bay ( Fig. 1 ) chosen for the present study has been the site of numerous sediment trap experiments over the last decade. Published studies include measurements of the compositions and fluxes of bulk organic carbon and nitrogen, aliphatic and aromatic hydrocarbons, neutral sugars, lignin and photosynthetic pigments (See Hedges et al., 1988a ,b for references). Additional information on primary production, sediment accumulation rates and the chemical compositions of the underlying bioturbated surface sediments has made it possible to establish internally consistent annually-averaged budgets for the introduction, recycling and sedimentary preservation of bulk organic matter and many of its biochemical constituents, including individual aldoses (Cowie and Hedges, 1984) lignin-derived phenols (Hedges et al., 1988a) and amino acids (Cowie and Hedges, 1992) .
Three, l-2 month sediment trap deployments were made in Dabob Bay to test the comparative effectiveness of different commonly used poisons and preservatives under field conditions. The first of these tests was in JanuaryFebruary of 1988 during nonbloom conditions when relatively unreactive terrigenous organic materials typically predominates in settling particulate material throughout the water column (Hedges et al., 1988a) . The second deployment was in March-April of 1988 when light-stimulated phytoplankton blooms usually occur, although the bloom at this time was relatively weak. The third comparison, during SeptemberOctober 1989, coincided with a fall bloom of more typical intensity.
The individual sediment traps used in these "winter," "spring" and "fall" deployments were "Lorenzen-type" PVC cylinders 16 cm in diameter (mouth area = 0.01824 m*) with an aspect ratio (ht:diam) of 3:l and a total volume of 8 L (Shuman, 1978; Lorenzen et al., 1981) . This trap type has been used in almost all of the previous Dabob Bay studies and has been found to collect mid-water column fluxes of *lOPb (Lorenzen et al., 1981) , bulk particulate material, and lignin phenols (Hedges et al., 1988b) that, on an annually-averaged basis, closely match burial rates in the underlying surface sediments. Our only variant from this tested trap design was the use of all-glass traps of smaller dimensions (mouth area = 0.01398 m2) for tests involving liquid chloroform.
All traps were routinely deployed with 38-mm deep plastic baffles (polystyrene light diffuser lattice with 13-mm square apertures) positioned flush with the top of the cylinder mouth. All traps (except those with high-salt/Hg treatments) deployed during winter were also fitted with 2-mm mesh PVC (or Teflon@ in chloroformtreated traps) screens positioned 15 cm off the bottom of the cylinder. These screens were designed to bar large "swimmers" from reaching the poisoned brine. Preliminary field tests (Ott-Dee, 1987) indicated that screens with a mesh finer than 2 mm clogged rapidly. For the spring deployment the 2 mm screens were replaced by 12 mm deep gratings that were made of the same material as the baffles and positioned 12 cm off the trap bottom. In fall 1989, no gratings or screens were used in any trap. On all deployments each trap was lowered with a plastic film covering to minimize washout and introduction of plankton from surface waters. The covers were released by a timed switch approximately 1 hr after deployment and carried to the surface by attached floats. Traps were gently recovered in an open position, a procedure which was shown by earlier field tests to result in minimal washout of dissolved and particulate contents during favorable weather conditions. Sets of eight individual sediment traps were deployed in octagonal frames (76 cm between trap centers) that carried timers for releasing the covers and retrieval floats. Individual octagonal frames were positioned at water depths of 30 m and 60 m on duplicate moorings (Arrays 3 and 4). These identical moorings were positioned 200-300 m apart to provide back-up samples and allow reproducibility tests. During the winter and spring experiments, pairs of untreated, salt-free traps of identical design were also deployed at 30 m and 60 m on Array 7. This light mooring was deployed near Arrays 3 and 4 and could be serviced from a small boat. Particulate material from the traps on Array 7 was harvested every two days as weather permitted and immediately frozen. These small samples were cornposited to obtain relatively fresh, untreated material.
The treatments used in our side-by-side comparisons on the octagonal arrays (3 and 4) are summarized in Table 1 and were described in Lee et al. (1992) . Each precleaned trap was filled with filtered surface seawater. Poison/preservative solution in a 1 L NaCl brine was gently added by gravity feed via a small tube inserted through the top baffle, resulting in a sharp interface. The volume of the brine layer was sufficient to fill the bottom 5-6 cm of the traps and occupied about % of the volume beneath the screens used in the winter deployment. During the winter experiment the brine solution was added through the screens and as a result mixed with the filtered seawater, leading to lower treatment concentrations in larger initial volumes.
The tested loadings of microbial inhibitor were based on a review of commonly used treatments for sediment trap materials and upon our parallel laboratory experiments (Lee et al., 1992) . All preparations were made from filtered surface seawater. The total salt content corresponds to ambient salinity ( -27 g L-l) plus the amount of added NaCl. Some differences in treatments between the three test periods were made as it became clear from both field and laboratory experiments ( Table 1, Lee et al., 1992 ) that some treatments were being used above or below concentrations needed for maximal effectiveness. .In the spring a saturated 1 L solution of chloroform in seawater was used in the glass traps instead of pure chloroform, which extracted large amounts of lipids from swimmers and was difficult to handle in the laboratory. The routine NaCl loading also was decreased from 100 to 50 g L-l in traps from one of the two spring moorings (Array 4) and for all of the fall moorings. This was done to better differentiate the inhibitory effects of individual poisons from that of concentrated NaCl alone.
c. Sample processing. Immediately after a mooring was retrieved, salt profiles in the individual sediment traps were determined with a hand-held refractometer by analyzing small subsamples removed by pipet at l-2 cm intervals over the lower 15 cm of each trap. These profiles always included water at the immediate bottom of the traps that was in direct contact with the collected particulate material. Traps were later capped and particulate material was allowed to settle for several hours. The upper 2/3 of the water (down to the screen or grating in the winter and spring deployments) was then carefully siphoned off so that the brine sublayer remained intact. The remaining 2-3 L of suspension was returned in the original traps to Seattle and processed within l-2 days.
In the laboratory, larger zooplankton swimmers and other coarse particles were removed by passing the bulk samples through an 850 urn stainless steel sieve. The coarse material collected on the sieve was transferred to a small glass vial for qualitative description and subsequent drying (50°C) and weighing. The total <850 Frn size fraction was poured into a Plexiglass rocking splitter from which aliquots were removed for: (a) microscopic observation (10 mL preserved with formalin), (b) determination of bacterial activity (50 mL), and analyses of (c) mass, lignin, carbohydrate and elemental compositions ( '/z vol), (d) lipids ('/4 vol), (e) pigments (% vol), (f) amino acids ('/h vol) and (g) other materials (YE vol, archived) . Sediment trap material for mass, lignin, carbohydrate and elemental analyses was removed by centrifugation. The supernatant brine was saved for salt analyses by both refractive index and conductivity methods. Particulate materials in all other aliquots were recovered by gentle filtration onto premuffled Whatman GF/F (pigments and amino acids) or Whatman GF/A (lipids) glass-fiber filters. All of the previous organic sample fractions were immediately frozen for subsequent analysis. Subsamples for lignin, carbohydrate and elemental analysis were freeze-dried, ground to pass a 42 mesh (0.350~pm) sieve and stored at room temperature. Wet and dry weights were determined for each sample to salt correct the corresponding bulk fluxes and organic concentrations.
d. Analytical methods. Weight percentages of organic carbon (%OC) and total nitrogen (%TN) were determined in duplicate with a Carlo Erba model 1106 CHN analyzer. Inorganic carbon was removed by the HCl vapor acidification procedure described by Hedges and Stern (1984) . The average analytical precision of this procedure is 2 l-2% of the measured value. 3 . Results and discussion a. Microscopic observations. As has been previously described (Bennett, 1980) , fecal pellets were by far the predominant type of morphologically recognizable particles in all the sediment trap collections and thus a major component of the vertical particle flux throughout the year. Small (<850 pm) swimmers were rarely observed. The major exceptions were aliquots from the two 30 m winter traps treated with high-salt/low-Hg and the formalin-treated 60 m spring sample, each of which contained 2-3 small copepods. The 10 ml subsamples removed for microscopic analysis, however, represented too small a volume percent ( < 0.5%) to yield quantitatively representative counts on rare particle types and appreciable numbers of small zooplankton were probably also present in bulk material from other sediment traps (later discussion).
b. Treatment and sample retention. Salinity measurements following recovery of the spring deployments showed that materials in the 30 m arrays on both moorings, and almost all of the sediment traps at 60 m on Array 3, were washed out. The 30 m fall traps also washed out. Such extensive washout was not experienced in previous studies (1981-82 and 1987-88) with similar sediment traps at this site (Hedges et al., 1988a,b) and apparently resulted from unusually strong currents. Treatment retention in sediment traps that did not completely wash out is discussed in Lee et al. (1992) . In short, salinity profiles in the recovered traps indicated treatment concentrations at the container bottoms that were approximately half of initial values (Table 1) . Assuming conservative behavior of excess salt and the accompanying microbial inhibitor, concentrations of poisons in contact with the collected particulate materials were maintained at approximately half of the initial concentrations. For all HgC&-, formalin-and CHCI,-treated traps, these concentrations were sufficient to decrease microbial activity to < 1% of that for untreated controls (Lee et al., 1992) . Pl, 3 c. Bulk particulate material fluxes. In the following section, we will first compare the bulk particle fluxes collected by identically treated traps on the two separate winter moorings when the largest number of replicate traps were recovered. Then the average fluxes and extent of overall variability among differently treated traps deployed at the same depths and times will be compared. Finally, possible patterns among fluxes measured by differently treated traps simultaneously deployed at the same depth will be evaluated. Replicability between duplicate arrays was determined by calculating the mean deviations, MD, (presented as a percent of the mean) between fluxes collected by the eight pairs of identically treated sediment traps simultaneously deployed during winter at the same depth on the two separate arrays (Table I) trap. The fact that the identically treated trap on Array 3 did not exhibit an unusual flux suggests that the low outlier resulted from an unknown experimental artifact. Removal of this one datum from the set for the 60 m traps on Array 4 gives an average and standard deviation that are essentially identical to those for Array 3.
To evaluate the overall variability among fluxes for simultaneously deployed traps at a given depth and time, averages and corresponding percent standard deviations were calculated for all deployments and depths. Based on the good agreement between fluxes for the two separate winter arrays, data for all winter traps deployed at one depth were grouped. The resulting means and percentage standard deviations were 2.68 2 13.8% (n = 16) and 4.05 + 6.7% (n = 15, low outlier excluded), respectively, for the 30 and 60 m winter sets. The corresponding value for the spring 60 m set is 3.37 + 3.8% (n = 8) and, for the fall, 3.22 5 5.8% (n = 7).
Regardless of treatment, the eight sediment traps simultaneously deployed at one depth on Arrays 3 and 4 collected bulk particle fluxes that varied by an average of 27.5%. This level of variability is similar to values of +6% (total variation) previously obtained at this site by both Hedges et al. (1988b) and Bennett (1980) using sets of identically treated traps of similar design. The magnitudes of the bulk fluxes measured during this comparison (Table 1) are also within the range of those measured at similar depths and seasons during the 1981-82 time series study (Hedges et al., 1988b) . Thus, the replicability of mass collections by the different sediment traps in the present study was good and the effects of individual treatments on the collected bulk fluxes were not large.
Possible effects of the various treatments on measured bulk fluxes were investigated by identifying individual measurements for sets of traps simultaneously deployed at the same depth on octagonal arrays which are significantly different from the mean at the 95% confidence level (two-tail t-test). This treatment indicates no consistent pattern throughout the data set. The most pronounced differences were observed during the winter deployment when the high-salt/low-Hg traps exhibited an average flux (n = 2) 28% higher than the mean at 30 m depth, and 13% higher at 60 m (Fig. 2) . In addition, traps treated with 1 L of pure chloroform exhibited an average of 19% and 11% lower fluxes at 30 and 60 m, respectively. Neither of these patterns, however, were repeated in the spring or fall deployments, at which time the 13% lower flux of bulk material into the untreated 60 m fall trap was the most outstanding deviation (Fig. 2) .
Recovering "sticky" particulate material from glass sediment traps containing pure chloroform proved to be very difficult, explaining the lower fluxes measured by these traps in winter. When this treatment was changed after the winter deployment to more easily handled chloroform-saturated water, the anomaly disappeared. Reasons for the higher mass flux into the winter high-salt/low-Hg traps are not so evident. Although these particular traps all collected greater fluxes (0.12-0.19 g me2 d-l) of large (>850 km) swimmers than other simultaneously deployed traps (Table l) , the masses of smaller (<850 km) zooplankton needed to explain the seasonal flux differences would have to be 3-5 times greater than the measured large swimmer flux. In addition, high-salt/low-Hg traps did not collect elevated fluxes of large swimmers or particles < 850 Frn during spring, and the correlation throughout the study between the bulk particle fluxes and swimmer masses collected in individual traps was very small (r2 = 0.001). An additional possibility is that the high-salt traps have different hydrodynamic behavior which resulted in greater particle collection during winter conditions (see later discussion).
The bulk particle fluxes for the continuously harvested winter traps on Array 7 at (Fig. 2) . This agreement is excellent, considering that the samples from Array 7 were harvested over slightly different time periods (Table 1) and subjected to much more handling than their uncomposited counterparts. Thus the continuously harvested samples did not exhibit atypical bulk particle fluxes and should be useful references for interpreting compositional trends among differently treated traps on the octagonal arrays.
d. Elemental composition. A strategy similar to that used for bulk particulate material fluxes, i.e. evaluating replicability between duplicate winter arrays, comparing mean and standard deviations for individual deployments and testing for treatment effects, will be followed for the organic carbon and total nitrogen data as well. Because %OC is closely associated with %TN throughout the data set, discussions of data dispersion and magnitude will be initially focussed on the more precisely measured carbon concentrations. Since samples from continuously harvested traps were collected over slightly different periods and handled more than counterparts from the larger arrays, statistical analyses will be confined to sample sets from octagonal arrays, with subsequent comparisons where appropriate to corresponding harvested samples.
MD values for %OC measured for pairs of identically treated traps deployed at the same depth on Arrays 3 and 4 averaged ?2.6% of the measured concentration for both the 30 m and 60 m winter samples. Thus replication between arrays was approximately twice as good for %OC as for bulk flux measurements. The averages and standard deviations of the measured %OC values for all traps at 30 m on Array 3 (4.04 * 0.40%) and 4 (3.89 + 0.36%) were also similar. The corresponding values for the 60 m traps were 4.15 + 0.28% and 4.12 + 0.12%. Because of this overall close agreement and absence of consistent offsets between winter arrays, elemental data for identical traps on the two arrays were also averaged. The resulting %OC means and percent standard deviations for all traps deployed in winter at 30 m (n = 16) and 60 m (n = 16) were 3.97 + 9.7% and 4.04 + 6.7%, respectively. The values for the 60 m spring (n = 8) and fall (n = 7) sets were 4.88 + 6.9% and 6.31 + 6.7%, respectively. The overall reproducibility for differently treated traps deployed at the same depth and time of ?7.5% for %OC was essentially identical to that for bulk particle flux measurements by the same traps.
Both the spring and fall 60 m traps from the present study had %OC values near the bottom of the ranges ( -5-10 wt%) measured at that depth during the corresponding bloom seasons in 1981-82 (Hedges et al., 1988a) . In comparison, the %OC values at 60 m in winter 1988 were slightly higher than concentrations ( < 3.3%) at this low productivity season during the 1981-82 time series. Although generally similar, the elemental data from the present comparison indicate that continued strong bloom conditions, characterized by %OC values in excess of 8% in 60 m traps and 10% in 30 m traps (Hedges et al., 1988a) , did not occur during any of the three test periods.
Weight percentages of organic carbon and total nitrogen in all the sediment trap samples from these comparisons are strongly associated (r2 = 0.89). All the 1988-89 data plot along a correlation line (%OC = 6.4 x %TN + 1.4) that is almost the same as for the line (%OC = 6.3 x %TN + 1.1) obtained for all data from the 1981-82 time series (Hedges et al., 1988b) . Thus the elemental compositions of the organic matter collected in both studies are essentially the same and apparently are not strongly affected by different treatments.
Based on lignin compositions observed by Hedges et al. (1988a) , the previously discussed elemental trend results primarily from mixing of plankton remains (atomic C/N = 7.5) with resuspended sediment which contains -2.5 wt% OC and an organic fraction with an atomic C/N near 12 and a 65% terrigenous origin. Given this background of 1.6 g/100 g of terrigenous OC in all sediment trap samples, the spring and fall materials (> 4 g/100 g total OC) contain at least 60 wt% plankton-derived material. This autochthonous fraction is characterized by a much greater reactivity than the terrigenous component (Hedges et al., 1988b) . Although our spring and fall Table 1 and winter values are averages.
deployments did not occur during maximal bloom conditions, they nevertheless were made at a time when appreciable amounts of plankton-derived organic materials were present and potentiaiiy susceptible to microbial degradation in the variously treated sediment traps.
A direct comparison among OC concentrations in differently treated sediment trap materials collected during the three test periods (Fig. 3) indicates relatively minor differences among traps deployed at the same time and depth. All the 60 m winter traps in particular had nearly identical %OC values. One repeated trend, however, was increased %OC values for formalin-treated spring and fall traps and the pair of 30 m winter traps treated with high-salt/low-Hg (Fig. 3) . These differences are not consistently related to mass flux variations (Fig. 2) and thus likely do not result from hydrodynamic effects on particle collection.
Another trend was significantly lower (95% confidence level) %OC values for the three untreated traps from all but the 60 m winter collection (Fig. 3) . These lower organic carbon levels occur during both spring and fall when relatively high concentrations of labile plankton material are present. Because microbial activity was highest throughout the study within the untreated traps from octagonal arrays (Lee et al., 1992) Table 1 . Winter values are averages.
remains. This inference, however, is not consistent with the observation that the relatively fresh samples continuously harvested during the winter and spring deployments have organic carbon concentrations that are at least as low as for the corresponding untreated samples from the larger arrays (Fig. 3) . Microbial degradation does not seem to be the primaly process reducing organic carbon concentrations in untreated sediment trap materials from the octagonal arrays. Being sensitive both to nitrogen addition from swimmers and diagenetic selective losses of amino acids, (C/N)a is potentially one of the more diagnostic parameters in the present data set. This parameter, however, is generally uniform among individual samples from octagonal arrays (Fig. 4) . In particular, the lower %OC values observed among three of the four untreated trap materials from the octagonal arrays were not attended by consistent compositional trends. If microbial degradation does cause the measured carbon losses, organic nitrogen is also removed in direct proportion. Because the (C/N)a values of untreated controls on Arrays 3 and 4 are as low or lower than those of the corresponding continuously harvested samples (Fig. 4) , it is unlikely that the longer-exposed octagon samples have suffered more extensive microbial degradation of N-rich organic materials.
A statistically significant trend in (C/N)a was observed among the 60 m spring and fall deployments, when azide-treated trap materials were nitrogen depleted and formalin-treated traps were enriched in nitrogen versus carbon. Azide, however, appeared to effectively halt bacterial activity in these traps (Lee et al., 1992) and selective diagenetic loss of carbon versus nitrogen is not common (Degens, 1970) . Incomplete removal of azide or the presence of small nitrogen-rich zooplankton swimmers, (C/N)a = 5 (Cowie and Hedges, 1992) should decrease, not increase, (C/N)a. In addition, swimmers > 850 pm were not as abundant in the azide-treated traps as in the formalin-and mercury-treated counterparts ( Table 1 ). The lower %TN values necessary to increase (C/N)a at constant %OC in the azide-treated samples are thus difficult to explain.
A more explicable trend was the significantly decreased (C/N)a ratios (Fig. 4) of the spring and fall traps treated with formalin and the 30 m winter traps treated with high-salt/low-Hg.
All of these samples also are characterized by significantly elevated %OC concentrations. These traps all collected elevated fluxes of large (> 850 Frn) swimmers (Table 1) . Bacterial activity was effectively inhibited in all formalin-and Hg-treated sediment traps (Lee et al, 1992) , so that diagenetic alteration of elemental composition should have been minimal. These trends all point toward the presence of small swimmers in at least these four samples, an inference that was supported by the direct observation of copepods in aliquots from the winter and spring samples. Parallel analyses of more sensitive molecular tracers of zooplankton biomass, such as sterols or wax esters also indicate the presence of small zooplankton swimmers in these, and likely other, treated sediment trap samples Peterson et al., 1993) .
Overview
The sediment traps used in this study have the potential to collect particulate samples of uniform mass and organic elemental composition, allowing for sensitive tests of possible treatment effects. Under these favorable conditions, observed variations in bulk fluxes and elemental compositions among differently treated traps were small. Only traps deployed with formalin during non-winter periods and at 30 m with high-salt/low-Hg treatments during winter gave evidence for the collection of < 850 km zooplankton swimmers. Microbial degradation within untreated traps was not clearly evident from our flux and elemental measurements, but would be difficult to differentiate from lowered concentrations of smaller ( < 850 km) swimmers in the absence of biocide. Under these field conditions the effects of various biocide treatments on bulk fluxes and organic carbon and nitrogen compositions were minimal.
